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ABSTRACT
Surface-applied poultry litter generated using a phytase-amended diet may release less
phosphorus (P) to runoff water than does litter from a conventional diet. The release of soluble
reactive (SRP) and total dissolved P (TDP) from litter generated under conventional and phytaseamended diets was examined in three studies: 1) batch desorption, 2) flow-through cell, and 3)
field micro-plot. In Study 1, samples of litter (10 from conventional, C, and 20 from phytaseamended, A, diets) were extracted with litter: water ratios from 1:5 to 1:200. Phosphorus in A
litter was significantly lower at the 1:10 extraction ratio compared to that C litter. However, there
was no difference at wider ratios. When desorbed P was plotted against solution concentration,
all isotherms were sigmoidal. In Study 2, water was passed uniformly through samples of litter
(~ 4 g in 4 cm diameter by 1 cm deep cell) at a flux of 7.5 cm h-1 for 1.5 h and litter effluent
collected in fractions for analysis. Less P was lost from the A litter than from the C litter,
however, less P was recovered than in Study 1. Study 3 compared losses of P from the A and C
litters in field runoff from 324 cm2 plots during a series of simulated rainfalls (7.5 cm h-1 for 1 h
each). Although significantly less P was initially lost from the A litter, P losses from the A and C
litters tended to converge over the course of Study 3. Thus, whereas there was less TDP in the A
than in the C litter differences in SRP and TDP are small.
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CHAPTER 1

INTRODUCTION
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1.1 Introduction
For years farmers have applied poultry litter as a source of nutrients for maintaining soil
fertility. Poultry litter is known to increase soil organic matter, decrease soil acidity, and supply
both macro- and micro- nutrients required for plant growth and development.
In recent years, poultry production has increased all over the world, which has been
attribute attributed to the “mad cow disease” outbreak in Europe in the mid 90’s and the demand
for low cholesterol meat. The increase in poultry meat production is accompanied by an increase
in poultry litter manure. According to Tunney (1977), poultry litter is more enriched with
nutrients than cattle or pig manure, making it an excellent fertilizer for crop growth and
development but also a source of environmental pollution. The huge amount of poultry litter
generated through this increase in poultry production, coupled with the limited nearby area of
crop land and pasture for its application has become a well-recognized problem.
Traditionally, poultry litter is applied to croplands or pastures to supply nitrogen but
contains a relative excess of phosphorus compared to nitrogen (Table 1.1).
Table 1.1. Nutrient content of different manures
Manure Type
Dry Matter (%)
Nutrient (kg/10 tons fresh manure)
Poultry
23-68
Cattle
4-23
Pig
5-25
Source: Tapadar, S. (2000).

N

P

K

Mg

96-230
24-65
16-68

24-120
4-18
6-21

38-116
20-58
17-36

12-22
2-6
3-7

Consequently, the application of poultry litter tends to build up excessive levels of phosphorus
that may contribute to euthrophication in surface water. The need to address the problem of
phosphorus accumulation has been a concern for years. Sharpley et al (1994) state that to control
the problem we need to control the source of phosphorus.
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The purpose of this study, therefore, was to determine the different levels of reactive
phosphorus from poultry litter released from conventional and phytase-amended diets (Table 1.2
for diet compositions). Phytase-amended diets are considered to be a means of reducing the
phosphorus level in poultry litter, therefore, decreasing phosphorus build-up in soil possible
euthrophication in surface water.
Table 1.2 Diet composition for Experiments
Ingredients
Corn
Soybean
meal
Tallow

Starter Diet
Grower Diet
Finisher diet
Conv
Phy-Mod
Conv
Phy -Mod
Conv
Phy-Mod
-------------------------------------------------%-----------------------------------------------58.53
60.21
63.91
65.79
71.64
73.52
33.38
33.19
28.03
27.82
21.68
21.47
3.52

2.55

3.82

2.74

3.19

2.10

1.56

1.11

1.40

0.92

1.16

1.05

1.56

1.09

1.00

0.90

1.13

0.65

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

-

-

0.25

0.25

0.25

0.25

0.25

0.25

0.20

0.19

0.18

0.17

0.14

0.14

0.14

0.14

0.14

0.14

0.13

0.13

0.08

0.08

0.08

0.08

-

-

Rendox
LSU poultry
Vit.
Lysine HCl

0.05
0.05

0.05
0.05

0.05
0.05

0.05
0.05

0.05
0.05

0.05
0.05

0.05

0.05

0.05

0.05

0.05

0.05

Rice Hulls

0.04

-

0.04

-

0.04

-

Phytase

-

0.04

-

0.04

-

0.04

Calcium
phos. Mono
Limestone
Ground
Common
Salt NaCl
BMD +3
LSU poultry
Min.
DLMethionine
Choline
Chloride
Monteban

Source; Shelton, J. et al (2003)
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1.2 Rationale
Poultry litter, a phosphorus-enriched mixture of manure, bedding material and unused
feed, is typically disposed of by applying it to pastures as a fertilizer resource year after year.
Since accelerated euthrophication of fresh water is limited by phosphorus (P) input, P in runoff
from these pastures is a major cause of euthrophication within the US. Euthrophication results in
increased aquatic plant growth, oxygen depletion, pH variability, and changes in the food chain
(Sharpley et al. 1994). Non-point sources of P in agricultural runoff now contribute an increasing
share of freshwater inputs than earlier (Crowder and Young, 1988) because continued input of
fertilizer and manure P in excess of crop requirements has led to a build-up of soil P levels,
especially in areas where there is intensive crop and livestock production (Sharpley et al. 1994).
Accordingly, P management has become an integral part of our agronomic, environmental and
farm economic principles.
Several investigations have yielded various best management practices to reduce P losses
from litter. For these to be effective, they must address the management of P source and
application as well as include erosion and runoff control. Clearly, any management practice that
may minimize off-site transport of nutrients should be examined and adopted if feasible and
successful in averting unwanted environmental impact. Poultry diet modification by addition of
phytase holds such promise.
Phytate is a form of P found in most grains. Monogastric animals do not readily digest it.
In order to make the P in phytate available, phytase, a dietary enzyme that breaks down phytate
into forms that are more absorbable by monogastrics, may be added to chicken feed. Researchers
with the LSU AgCenter have recently shown that phytase fortification of diets for poultry
provides an adequate amount of P (approximately 0.10% available P and 0.10% Ca), with an
approximately 20 to 25 % reduction in P in poultry waste (Johnston and Southern, 2000).
Although phytase reduces the total and soluble P in poultry litter, it has been shown in one report
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to increase soluble P runoff (Smith et al., 2001). Thus, the ultimate environmental benefits of
phytase fortified diets for poultry is not certain and must be established.
1.2.1 Objectives
This project is to quantify the benefits of a phytase supplement on reducing P losses in
runoff. It has three objectives. The first objective of this research was to determine P desorbed
from poultry litter derived from conventional and phytase-amended diets using a batch dilution
technique. This was achieved by dilution of poultry litter to different litter: water ratios with
distilled-deionized water followed by P analysis using the ascorbic reduction method. This
allowed me to determine the amount of P released from litter samples derived from conventional
and phytase-amended diets, therefore potential release of biologically available P into the
environment when applied as a fertilizer to the soil.
The second and third objectives were to quantify levels in runoff from poultry litter
derived from conventional and phytase-amended diets using laboratory and field studies,
respectively. The laboratory study examined P in leachate from poultry litter derived from both
diets. Effluent from a flow cell was collected in sub samples and analyzed for soluble P using the
ascorbic reduction method. The field study evaluated P runoff from plots subjected to simulated
and natural rainfall conditions. This allowed me to address the issue of the effectiveness of
phytase- amended diets as a management practice to reduce P runoff.
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CHAPTER 2

LITREATURE REVIEW
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2.1 Euthrophication
Euthrophication is characterized by increased algal growth, increased aquatic plant
growth, oxygen depletion, pH variability, and changes in aquatic plant ecology and the food chain
(Sharpley et al., 1994). Increased algal growth results in algal scum, unsightly decaying algal
clumps and discoloration. Large diatoms and filamentous algae may clog water treatment plant
filters. Extensive growth of aquatic plants may hinder navigation activities and limit fisheries
potential. Euthrophication can also lead to contamination of waterways with noxious species of
algae. Certain blue green algae associated with euthrophic waters form potent toxins, cause taste
and odor problems and interfere with treatment of drinking water (Sharpley et al., 1994).
Farmers have suffered economical losses when cattle and other animals die after
consuming water containing algal toxins, and these toxins may also pose a serious health hazard
to humans (Kotak et al., 1993). Clearly, the accelerated euthrophication of surface waters
resulting from nutrient inputs, stimulating algal and rooted aquatic plant growth is a major
unresolved problem (Thomann and Mueller, 1987).
Although algal growth is also dependent on the supply of N and C, efforts to reduce
euthrophication primarily focus on controlling P. According to Sharpley et al. (1994), air- water
exchange of N and C, including the fixation of atmospheric N2 by some blue green algae, often
leaves P as the limiting nutrient that promotes accelerated euthrophication. There are
economically feasible controls related to the supply of P and N (Stumm and Morgan, 1981),
however, since it is easier to identify and control sources of P, its management has become a
major focus for both agronomic and environmental reasons. The issue of euthrophication needs
urgent attention because by the time P-related euthrophication of fresh waters is visible, it is
difficult and expensive to implement remediation strategies.
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2.2 Poultry Litter
Poultry litter is a combination of fecal droppings, bedding material, feather waste, feed
and soil (Malone, 1992; Moore, 1998). Bedding material is made up of wood shavings, sawdust,
rice hulls, peanut hulls or oat straws, and is used to absorb the liquid part of the excreta
(Carpenter, 1992). The nutrient content of the litter is affected by the age of the birds, type of
feed rations, breed of bird and manure management system (Eilers, 1998). Poultry litter contains
essential nutrients and is beneficial for most crops, including corn (Robertson and Wolford, 1970;
Liebhardt, 1976; Sims, 1987), rice and cotton (Burmester et al., 1991). Thus, poultry litter is a
valuable fertilizer. However, it is often applied at rates considerably higher than necessary for
supplying crop N or, especially, P requirements (Wood, 1992). The latter occurs when litter is
applied at a rate sufficient to meet crop N requirement because litter is comparatively high in P
relative to crop requirement (Brady and Weil, 2002). Over years of application, therefore, there
is substantial P builds-up in soil (Robinson et al., 1994).
2.3 Loss of P from Litter to Surface Waters
Edwards and Daniel (1993) found that (80 – 90 %) P in runoff from pastures receiving
poultry litter is dissolved inorganic P, which will be immediately available for biological uptake
(Sonzogni et al., 1982). The rapid released of N and P in runoff from poultry litter during rainfall
was demonstrated by Westerman and Overcash (1980) and Westerman et al. (1983). This
release, however, is not constant but decreases with time (Robinson and Sharpley, 1995). Thus,
the timing of poultry litter application should be considered when aiming to develop reliable best
management practices. Careful timing of litter applications can maximize agronomic benefit via
crop N and P uptake, while minimizing environmental impacts via transport of released N and P
during infiltration and runoff (Robinson and Sharpley, 1995).
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2.4 Modified Poultry Diets
Poultry diets contain at least 1% inorganic phosphate for bone development (National
Research Council, 1984). A large amount of the inorganic phosphate can pass through the birds
undissolved, constituting a large portion of the inorganic P in poultry litter (Isermann, 1990).
Several investigations have identified best management practices that producers can use to reduce
the risk of P loss. One such management practice is the addition of feed additives that reduce the
need for supplemental P in the diet (Smith el al., 2001). Phytate is a form of P found in most feed
grains and is not readily absorbable by monogastrics. In order to balance feed rations,
nutritionists typically include sources of supplemental P such as dicalcium phosphate.
Alternative feed additives include such ingredients a high available P (HAP) corn or phytase.
The latter is an enzyme that breaks down phytate into forms that are more readily available for
absorption by monogastrics allowing less total P to be fed (Smith el al., 2001).
Utilizing HAP corn and or phytase enzyme can reduce phosphorus contents of broiler diets
without any negative effect on birds’ performance (Huff et. al., 1998).
2.5 Phosphorus Dynamics
Phosphorus in the soil can undergo adsorption / desorption, precipitation / dissolution,
immobilization / mineralization, and plant uptake / plant decomposition as it is chemically and
biologically altered (Campbell and Edwards, 2001). The rates at which these opposing processes
occur depend on the proportions of different P forms, and soil, weather, and crop conditions or
properties.
2.5.1 Adsorption / Desorption
Adsorption / desorption are opposing processes controlling the extent of chemical
bonding of P to soil organic and mineral components. The distribution of P between adsorbed
and solution phases affect P mobility and potential non-point source pollution. According to
Campbell et al. (2001), adsorbed P can cause pollution when transported with eroded soil,
whereas soluble P is transported in runoff. Phosphorus adsorption is controlled by a number of

9

variables, including soil texture, concentration of Fe, Al, CaCO3 and organic matter, and pH
(Campbell et al., 2001). Research has show that fine texture, low pH and high concentrations of
Fe, Al, CaCO3 and organic matter generally favor adsorption.
Simple models have been widely used to describe the relationship between adsorbed and soluble
P. The Freundlich and Langmuir isotherms are used most often:

Freundlich,

q = KdC1/n

[2.1]

Langmuir,

q = kCb / (1 + kC)

[2.2]

or in linear form,

Freundlich

log q = log Kd + 1/n log C

[2.3]

Langmuir

C/q = (1 / kb) + C/b

[2.4]

where q = quantity of adsorption (adsorbate per mass of adsorbent), C = equilibrium solution
concentration of the adsorbate, Kd = distribution coefficient, k = binding strength constant, b =
maximum amount of adsorbate that can be adsorbed, and n = empirical parameter. The linear
forms (log q vs. log C and C/q vs. q) may be plotted to obtain values of the various constants.
However, these equations are empirical and are based on gas adsorption for a flat, solid surface.
Soil and organic matter particles are heterogeneous, with a number of different binding sites that
have varying strengths. Hence, isotherm parameters give little insight into the actual adsorptive
mechanism.
2.5.2 Precipitation / Dissolution
Precipitation is a fixation process that denotes the formation of discrete, solid materials
(Campbell et al., 2001). Like adsorption / desorption, these processes are important in controlling
P mobility in the environment. According to Campbell et al. (2001), which mineral(s) control
precipitation highly depends on pH. In high pH soil, P combines with CaCO3 to form apatite,
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while at low pH, it combines with Fe or Al instead. According to Van der Houwen and Valsami
–Jones (2001), hydroxyapatite (HA) is the most stable form of calcium phosphate. However,
there exist several other calcium phosphate phases that may precipitate as precursors to HA,
namely dicalcium phosphate dihydrate (DCPD, [CaHPO4 • 2H2O]), octacalcium phosphate (OCP,
[Ca4H(PO4)3 • 2.5H2O]), tricalcium phosphate (TCP, [Ca3(PO4)2]) or amorphous calcium
phosphate (ACP).
Van der Houwen and Valsami –Jones (2001) concluded that the formation of the
alternative calcium phosphates is a kinetic issue. A number of kinetic studies have attempted to
establish the specific conditions and order of formation of the different phases of calcium
phosphate.
2.5.3 Mineralization / Immobilization
Mineralization is the conversion of organic P to mineral P and is the opposite of
immobilization, the conversion of mineral P to biomass (organic) P. These processes are
considered to have little or no direct impact on phosphorus pollution. The physical form of soil P
is more important than the chemical form in affecting pollution (Campbell et al, 2001).
Mineralization / immobilization are, however, important in plant uptake.
2.6 General Forms of Phosphorus
2.6.1 Organic Phosphorus
Phosphorus in organic combinations becomes available to plants through the process of
mineralization. Thus, organic P is generally considered unavailable to plants. However, there are
arguments concerning the role of soluble organic P compounds in plant nutrition, including their
passive uptake by plants and P release to mineral form by enzymes in the plant (Pierzynski et al.,
2000).
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2.6.2 Inorganic Phosphorus
Soluble inorganic P is available to plants. Forms include PO43-, HPO42-, and H2PO4- and
which form predominates depend on pH (see Figure 1 of Pierzynski et al., 2000).
According to Bohn et al. (1985), whereas Cl- and NO3- are not retained by soil and move readily
with water, soluble phosphate compounds move more slowly in soil. Phosphate is strongly
retained due to sorption processes, though some of the solid phase forms are in ready equilibrium
with soluble P. However, the equilibria strongly favor adsorbed / precipitated forms, maintaining
most of the P as insoluble forms. In particular, P does not leach from soils that are fine textured
and have appreciable amounts of reactive Al, Fe or Ca.
Solid phase P mainly exists in four general forms, precipitates of Al, Fe and Ca (AlPO4,
FePO4, CaPO4) and adsorbed phosphate ion. The AlPO4 and FePO4 forms are insoluble and
common in acid soils. Though AlPO4 is very insoluble, with time it may be converted to FePO4,
which is even less soluble. There are many different forms of CaPO4, and their solubility tends to
decrease with increasing the pH. Under acid conditions, CaPO4 dissolves rapidly. Thus, P is
most soluble at pH levels around neutral (pH 6.0 to 7.5), and solubility decreases sharply with
increasing acidic or basic pH.
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CHAPTER 3

DETERMINING PHOSPHORUS DESORBED FROM POULTRY LITTER DERIVED
FROM CONVENTIONAL AND PHYTASE-AMENDED DIETS

13

3.1 Introduction
Traditionally, P desorption / sorption studies have been done to determine P behavior
within the soil. Little data are available on P sorption / desorption behavior of poultry litter
(Robinson and Sharpley, 1995). There is currently no work on desorption / sorption of P from/to
poultry litter derived from phytase modified diets. However, there is a need to describe the
process because it is important to our understanding for effective use of poultry litter as a
fertilizer source, as well as for determining the fate of P in the environment.
Such studies with soil generally determine sorbed P by using batch type experiments, in
which soils or sediments are equilibrated with solutions of varying initial concentration of P and
the relationship between the amounts of P adsorbed to the P in solution at equilibrium are
described using the Langmuir, Freundlich and Tempkin models (Berkheiser et al., 1980; Nair et
al., 1984). The current study applies the batch type experiment to study the behavior of poultry
litter derived from the conventional diets and phytase-modified diets.
Samples of litter from poultry fed phytase-modified and conventional diets were
extracted and analyzed for total P, total soluble P and soluble inorganic P (Shelton et al., 2003) as
described by Bender and Wood (2000), Pote (2000) and Self-Davis and Moore (2000),
respectively. Results from the batch method were compared to those of the standard method
(Shelton et al., 2003). This comparison showed the batch method gave better estimates of total
desorbable inorganic P than determined by standard methodologies (Self-Davis and Moore, 2000;
Shelton et al., 2003). The batch method was also used to determine if a phytase-modified diet
increased the amount of soluble P. It has been speculated that although a phytase-modified diet
reduces total P, it tends to increase the amount of soluble P in the litter (Smith et al., 2000).
Furthermore, the batch technique was used to describe the relationship between the solution
concentrations of P and desorbed / sorbed P. Although widely used to describe the P desorption /
sorption relationship in soils, its effectiveness in describing this relationship with organic
adsorbents was uncertain.
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3.2 Materials and Methods
Ten samples from conventional and twenty modified-diets were analyzed for P.
Duplicates of each sample were equilibrated with distilled-deionized (DDI) water at ratios (g
litter: g water) of 1:5, 1:10, 1:20, 1:50, 1:100 and 1:200 (Table 3.1). The samples were then
placed on a shaker for 2 hrs, centrifuged for 10 min (2700 rpm) and syringe-filtered (Whatman
0.45 µm pore size). The 1:5 and 1:10 litter: water ratio samples were diluted 10-fold with DDI
water (pipetting 5 mL of the filtered sample into a 50 mL volumetric flask, brought to volume).
One mL of the first dilution samples (1:5 through 1:10 ratio samples) or straight litter extracts (1:
20 through 1:200 ratio samples) were diluted, acidified with 100 µl of 5N HCl to prevent the
precipitation of P and analyzed for total P by ICP (Inductively Coupled Plasma) and dissolved
inorganic P by the ascorbic reduction method (APHA, 1995). Samples of the 1:20 extract were
also analyzed for major cations (including Al, Fe and Ca) by ICP. The pH of these solutions was
also measured to determine the form of P present in the litter samples.

Table 3.1 Batch dilution sequence for P desorption from poultry litter.
Litter: water ratio

First dilution

Second dilution

Total dilution

1:5

1:10

1:100

1:1000

1:10

1:10

1:50

1:500

1:20

No dilution

No dilution

1:200

1:50

No dilution

No dilution

1:100

1:100

No dilution

No dilution

1:50

1:200

No dilution

No dilution

1:25
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3.3 General Langmuir and Freundlich Isotherm
The batch desorption data were described by the General Langmuir-Freundlich (GLF) or
linear isotherm. The former is given by
S = Smax (kC)N/(1+(kC)N)

[3.1]

where C (µg / mL) is solution concentration, S (µg / g) is sorbed concentration, and k (mL / µg),
Smax (µg / g) and N are empirical parameters. The linear isotherm is given by

S = kC

[3.2]

where k (mL / µg) is the distribution constant.
3.4 Results and Discussion
3.4.1 Standard Method and Batch Desorption
The results from the batch technique showed no change in loss of inorganic P to solution
beyond about a 50:1 water to litter ratio despite decreasing solution concentration of P
(decreasing litter / water ratio), suggesting that maximum desorption is obtained by this method.
Total desorbed inorganic P for the samples (shown in Table 3.2) was greater than 3000 µg / g or
about twice that obtained by the standard method (Self-Davis and Moore, 2000). Perhaps more
important than this general discrepancy between methods, results for treatment effects differed
depending on methodology – standard or batch desorption. In particular, when the standard
method (Self-Davis and Moore, 2000) was used, soluble inorganic P was significantly lower in
the litter from the phytase-amended diet compared with the conventional diet (P-value 0.005).
However, with batch desorption at litter: water ratios of 1:100 and 1:200, there was no significant
difference between the phytase-amended diet and the conventional diet (P-values 0.14 and 0.50,
respectively). Greatest P desorption occurred at these widest dilutions.
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Table 3.2 Comparison of P desorption by the standard and batch method.
Standard

Batch

------------------------------------------ Litter: water (g / g) ---------------------------------------1:10

1:5

1:10

1:20

1:50

1:100

1:200

------------------------------------------------- µg P / g -----------------------------------------------1690

855

1416

1911

3223

3533a*

3591a

*Numbers within row with same letter are not significantly different at α =0.05
3.4.2 Phytase-Amended and Conventional Diets
The soluble reactive phosphorus in the poultry litter derived from phytase modified was
found to be significantly different from soluble P in poultry litter derived from conventional diet
at the 1:5, 1:10, 1:20 and 1:50 dilutions (p-values of 0.01-0.03; see Table 3.3). The 1:100 and
1:200 dilutions showed no significant difference between the two litter samples with p-values of
0.14 and 0.50, respectively (Table 3.3). The batch method, therefore, showed that a phytasemodified diet failed to produce less soluble desorbed P than the conventional diet (Fig 3.1),
however, the phytase-modified diet numerically lowered soluble desorbed P in the litter by 3 – 26
%. Also, within litter type, as with the combined data (for litter from conventional and amended
diets, Table 3.1), whereas all dilutions were significantly different (p-value <0.0001) with the
exception of the 1:100 and 1:200 dilutions were not significant at the 0.05 level (p-value 0.79).
3.4.3 Modeling Desorbed Phosphorus from Poultry Litter Derived from Phytase-Amended
and Conventional Diet
Release of dissolved P (DP) from poultry litter derived from phytase-modified and
conventional diets was described by equilibrium GLF and linear isotherms. All isotherms were
sigmoidal (e.g., Figures. 3.2 and 3.3). Accordingly, the three-parameter GLF isotherm seemed
more appropriate at the outset than did the linear isotherm.
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Table 3.3. Phosphorus desorbed from poultry litter derived from phytase-amended and
conventional diets at the different dilutions.
Litter Source

Litter: Water
1:5

1:10

1:20

1:50

1:100

1:200

-------------------------------------------------- µg/g ------------------------------------------------Phytaseamended
Conventional

787

1353

1822

3138

3457a*

3560a

991

1540

2091

3394

3685a

3655a

* Numbers followed by same letter are not significantly different at α =0.05
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4000

desorbed P (ug/g)
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3000
2500
2000

phytase

1500
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1:50

1:100
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dilution sequence

Figure 3.1 Desorbed soluble P from poultry litter obtained from phytase-amended and
conventional diets.
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The three parameters GLF model gave an average R2 = 0.95, however, the uncertainties
of estimated parameters were high (Table 3.4). On the other hand, the linear isotherm (Figs. 3.4
and 3.5) gave an average R2 = 0.92 and a more conservative error rate for the parameters
estimated (Table 3.5).
To decide whether the GLF actually provided a better description of the data, the extra
sum of squares principle (Kinniburgh 1986) was applied,

F (pi - pj, m - pi) = [(rssj – rssi) / (pi - pj)]/[rrsi / (m - pi)]

[3.3]

where pi and pj are numbers of parameters in models i and j, respectively; rrsi and rssj are residual
sums of squares; and m is the number of observations. This statistic showed no significant
difference in the F-ratios (both the litter samples derived from phytase- amended (F (1, 20) P and
conventional (F (1, 10) C diets) when the GLF was compared to the simple linear model.
3.4. 4. Determining Phosphorus Release from Poultry Litter
In recent years, computer modeling studies, coupled with analytical methods, have led to
an increased understanding of the speciation of many chemical reactions (Liyanage, 1996; Taylor,
1998). Chemical speciation of a substance describes the physiochemical forms in which it
occurs. Computer speciation models use information on the mass, charge and total concentration
of the components under consideration as well as the thermodynamic formation constants for all
possible interaction of the components (Liyanage, 1999).
The computer program MINTEQA2 was used to describe the speciation of soluble
elements in poultry derived from phytase-amended and conventional diets (Allison, 1990). The
aim of this part of the study was to determine which (if any) calcium phosphate mineral species
controlled P solubility (see Appendix minteqa2 output).
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Table 3.4. General Langmuir-Freundlich isotherm parameters for P desorption from poultry litter
derived from phytase-amended and conventional diets.
N
k
R2
Diet Type
Smax
Conventional

3888 ± 2593*

2 ± 1.12

0.007 ± 0.005

0.92

Conventional

5673 ± 5254

2 ± 0.64

0.005 ± 0.0054

0.98

Conventional

2888 ± 133

7 ± 1.20

0.017 ± 0.0005

0.99

Conventional

2775 ± 105

9 ± 2.00

0.015 ± 0.0004

0.99

Conventional

2587 ± 302

6 ± 3.00

0.015 ± 0.001

0.96

Conventional

2920 ± 192

6 ± 2.00

0.015 ± 0.0009

0.98

Conventional

2655 ± 194

11 ± 4.00

0.015 ± 0.0007

0.97

Conventional

2172 ± 104

9 ± 3.00

0.013 ± 0.0005

0.98

Conventional

2359 ± 151

19 ± 6.00

0.019 ± 0.0005

0.97

Conventional

2380 ± 182

28 ± 30.00

0.019 ± 0.0009

0.96

Phytase-amended

1980 ± 179

6 ± 2.10

0.017± 0.001

0.98

Phytase-amended

1903± 206

16 ±16.70

0.015 ± 0.0006

0.95

Phytase-amended

2425 ± 284

5.5 ± 2.31

0.013 ± 0.0012

0.96

Phytase-amended

2662 ± 371

5 ± 2.00

0.013 ± 0.0014

0.97

Phytase-amended

3127 ± 215

9 ± 3.00

0.018 ± 0.0007

0.97

Phytase-amended

2855 ± 200

21 ± 11.20

0.022 ± 0.0005

0.97

Phytase-amended

2358 ± 133

8 ± 2.00

0.018 ± 0.0007

0.98

Phytase-amended

3015 ± 199

6 ± 2.00

0.019 ± 0.0001

0.98

Phytase-amended

3191 ± 444

3 ± 1.15

0.019 ± 0.003

0.96

Phytase-amended

5257 ± 5735

2 ± 1.00

0.01 ± 0.015

0.94

Phytase-amended

2158 ± 107

18 ± 7.00

0.019 ± 0.0005

0.98

Phytase-amended

3584 ± 226

7 ± 2.00

0.016 ± 0.0008

0.98

Phytase-amended

2363 ± 296

5 ± 2.00

0.016 ± 0.002

0.96

Phytase-amended

2753 ± 510

3 ± 0.86

0.013 ± 0.002

0.98

Phytase-amended

2620 ± 128

8 ± 2.00

0.023 ± 0.0006

0.99

Phytase-amended

2816 ± 138

8 ± 2.00

0.015 ± 0.0006

0.99

Phytase-amended

3270 ± 159

8 ± 2.00

0.013 ± 0.0005

0.99

Phytase-amended

2906 ± 411

4 ± 2.00

0.014 ± 0.002

0.95

Phytase-amended

3780 ± 2650

2 ± 1.00

0.011 ± 0.007

0.98

Phytase-amended

1829 ± 254

2 ± 0.90

0.017 ± 0.003

0.89

* Standard Deviation
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Table 3.5. Linear isotherm parameters for P desorption from poultry litter derived from phytaseamended and conventional diets.
Diet Type

K (mLµg-1)

R2

Conventional

13.21 ± 1.21*

0.92

Conventional

15.00 ± 0.79

0.96

Conventional

26.50 ± 2.00

0.94

Conventional

20.92 ± 1.60

0.93

Conventional

20.54 ± 2.04

0.90

Conventional

18.33 ± 1.30

0.94

Conventional

20.75 ± 2.50

0.85

Conventional

13.46 ± 1.20

0.91

Conventional

23.00 ± 2.11

0.91

Conventional

17.87 ± 1.71

0.90

Phytase-amended

17.40 ± 1.44

0.93

Phytase-amended

18.40 ± 2.13

0.86

Phytase-amended

15.28 ± 1.50

0.90

Phytase-amended

18.50 ± 1.50

0.93

Phytase-amended

24.34 ± 2.80

0.86

Phytase-amended

33.22 ± 3.17

0.90

Phytase-amended

22.15 ± 1.70

0.94

Phytase-amended

28.15 ± 2.00

0.94

Phytase-amended

23.47 ± 2.23

0.90

Phytase-amended

28.82 ± 2.18

0.94

Phytase-amended

22.01 ± 2.10

0.90

Phytase-amended

28.77 ± 2.50

0.90

Phytase-amended

19.50 ± 1.71

0.91

Phytase-amended

18.17 ± 1.01

0.96

Phytase-amended

33.68 ± 2.44

0.94

Phytase-amended

19.70 ± 1.33

0.95

Phytase-amended

22.06 ± 1.86

0.92

Phytase-amended

19.00 ± 1.45

0.93

Phytase-amended

20.12 ± 1.25

0.96

Phytase-amended

12.97 ± 1.98

0.78

* Standard deviation
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Figure 3.3 GLF Isotherms for poultry litter derived from Conventional diet showing measured
and predicted desorbed soluble reactive P (µg g-1).
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Figure 3.4 GLF Isotherms for poultry litter derived from phytase- amended diet showing
measured and predicted desorbed soluble reactive P (µg g-1).
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Figure 3.5. Linear isotherm for poultry litter derived from conventional diet showing measured
and predicted desorbed soluble reactive P (µg g-1).
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Figure 3.6. Linear isotherm for poultry litter derived form phytase-amended diet showing
measured and predicted desorbed soluble reactive P (µg g-1).
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The results obtained from MINTEQA2 showed hydroxyapatite, a calcium phosphate
mineral, to have a saturation index greater than 1 (=10) for both poultry litter derived from the
phytase-amended and conventional diets. Thus, solutions were super-saturated with respect to
this mineral. Phosphate minerals generally form as poorly crystalline types at temperatures
commonly found in soils, and for this reason phosphate solubility in slightly acidic to alkaline
soils may approach that of hydroxyapatite. Generally, however, soils remain super-saturated with
respect to this mineral indefinitely (Lindsay, 1979). Since this is common in soils, it is
reasonable that it also occurs in poultry litter.
There may be other forms of calcium phosphate that can control the solubility of P in
litter. Among these, Ca (H2PO4)2 and CaHPO4 are highly water soluble and can be converted to
apatite (rock-mineral P) over time (Johnson, 2000; see Table 3.6). However, calculations of ion
activity products for these and other calcium phosphates (see Lindsay, 1979, for Kdis values)
found all these minerals, from the monocalicum phosphate to the tricalcium phosphate, to be
greatly under-saturated. Therefore, equilibrium dissolution of a calcium phosphate did not
control P solubility in the litter.
Table 3.6. Calcium phosphate minerals present in soil at pH greater
than 5.5 and reversion times to apatite (phosphate rock).
Mineral
Monocalcium Phosphate
Dicalcium Phosphate
Octacalicum Phosphate
Tricalcium Phosphate
Hydroxyapatite

Reversion
Time
3+ wk
2 to 5
Months
8 to 10
Months
1 to 2 yr

Chemical
Formula
Ca(H2PO4)2.H2O
CaHPO4

Ca/P

Ca4H(PO4)3.2.5H2O

1.33

Ca3(PO4)2

1.5

Ca5(PO4)3OH

1.66

Source: G.V. Johnson (2000).
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0.5
1.0

Solubility
(g / 100 mL)
1.8
0.03

0.002 - 4 ppm

CHAPTER 4

EVALUATE RAINFALL-SIMULATED EXTRACTION OF DISSOLVED
PHOSPHORUS FROM POULTRY LITTER DERIVED FROM CONVENTIONAL AND
PHYTASE-AMENDED DIETS BY RAINFALL USING FLOW THROUGH CELL
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4.1 Introduction
Poultry diets contain at least 1% inorganic phosphate for bone development (National
Research Council, 1984). More than 85 % of the inorganic phosphate can pass through the birds
undissolved, constituting a large portion of the inorganic P in poultry litter (Isermann, 1990).
Several investigations have identified best management practices that producers can use to reduce
the risk of P loss. One such management practice is the addition of feed additives that may
reduce the need for supplemental P in the diet (Smith el al., 2001).
Phytate is a form of P found in most feed grains, and it is not readily absorbable by
monogastrics. In order to balance feed diets, nutritionists often include sources of supplemental P
such as dicalcium phosphate. This addition of inorganic P may result in elevated levels of P in
runoff from pastures or cropland fertilized with poultry litter. Addition of phytase enzyme to the
feed to break down phytate P is an effective method of reducing levels of P in runoff from
pastures or cropland fertilized with poultry litter.
The addition of phytase to broiler diet holds great promise for reducing levels of P in
runoff from areas in which litter manure is applied as a source of fertilizer. Researchers at LSU
AgCenter have shown that phytase fortification of diets for poultry provides an adequate P level
(approximately 0.10% available P and 0.10 % Ca), which reflects an approximately 20 -25%
reduction in P in poultry litter (Johnston and Southern, 2000). Although phytase is known to
reduce total P in poultry litter, it has been shown to increase soluble P in runoff by 25 % (Smith et
al., 2001).
The objective of this study was to evaluate the effect of reducing inorganic P levels in
poultry litter derived from a conventional diet (normal diet with addition of P supplement) and
phytase-amended diet (diet with phytase enzyme added) on P runoff in the laboratory using
simulated flow through cells.
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4.2 Materials and Methods
Ten litter samples from birds fed with conventional diet (normal diet with P supplement
added) and twenty litter samples from birds fed with phytase-amended diet (diet in which phytase
enzyme was added) were obtained from the LSU Animal Science Department. The samples were
analyzed for dissolved P release using a flow system modified from the approach used by Wight
(2001).
4.2.1Leaching Column, Rainfall Simulation and P Analysis
The prototype flow cell consists of a 1 cm deep x 4 cm diameter cavity in a PVC plate,
fitted with bottom PVC drain plate (supporting a filter) and filled with litter which is wet with
simulated rainfall (DDI water) applied via a fritted glass plate in contact with the litter at the top
of the cavity. Through-flow was drained to a fraction collector. Simulated rainfall was applied at
7.5 cm/hr (or about 94.2 ml/h) for 1.5 hr. The leachate was collected in 9 fractions (16 by 125
mm culture tubes). Upon termination, pH of the first leachate sample was measured. There was
little variation in pH throughout fractions because samples were highly buffered. 20 µL of 5 N
HCl was added to each fraction to prevent the precipitation of P, fractions were syringe-filtered
(0.45 µm pore size) and refrigerated pending analysis for dissolved inorganic P using the ascorbic
acid reduction method (APHA, 1990) and total P using ICP spectrophotometry.
4.3 Data Modeling
Effluent P data were modeled using a mixing cell appropriate with sorption/desorption presumed
described by a linear isotherm,
dC/dT =-q/(V+mk)C

[4.1]

Where C = Concentration of inorganic P µgml-1, q = flow rate ml h-1, V= liquid volume in cell ml,
M = mass of dry litter g, k = linear isotherm slope mlg-1, and T = time in hrs.
Integration of 4.1 gives,
C = C0 exp –qt / (V + Mk)

[4.2]
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Where C0 is initial concentration of soluble reactive P in the cell and qt = volume, (ml) through
cells at time t so that
C (v) = Co exp

-v/(V + Mk)

[4.3]

Where v is volume through cell and V is liquid volume in cell.
Calculating C0
C0 = M0 / (V + Mk)

[4.4]

where M 0, is initial total inorganic P in litter sample (µg P).
Thus, all parameters in 4.3 are known, including k accordingly, fidelity with which effluent data
are described is an indication that P desorption can be accurately described by batch desorption
data.
Accuracy of the model also depends on other assumptions in particular,
Equation 4.3 and 4.4 assume perfect mixing in the cell, when a drop of water enters; it mixes
perfectly with the entire volume in the cell.
It was also assumed, that the void space in the cell was fully saturated.
Void space calculated as
V liquid = V total – M litter dry/ D density of litter

[4.5]

The density of litter was estimated by measuring volume of water displaced by known mass of
litter in a graduated cylinder
It is likely that cells were not fully water-saturated and that there was not perfect mixing in the
cells. Therefore, in order to estimate the average water volume in the cells and average correction
factor for imperfect mixing, a modified form of equation 4.2, using random data sets, was fit to
volume and correction factor,
C (v) = M0 / ( V + mk) exp–βv/ (V + mk)

[4.6]

With V, average volume, and β, correction factor fit using SAS nonlinear programming:
Once estimates for V and β were determined, these were used to calculate P release during flow
using equation 4.6. Simulation results compared to the experimental data.
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The k constant used in Equation 4.6 was estimated using a Nonlinear SAS program.
Calculation of k values appropriate to the flow cell data would allow for direct comparison with
values from the batch study (average k values were used to compare the slope of the flow cell and
batch study). Any differences may influence the effect of desorption kinetics on P release in flow
and batch systems.

4.4 Results and Discussion
The P concentration in leachate was significantly lower than that obtained from the
desorption study. However, both studies showed no significant difference between the litter types.
Simulated dissolved reactive runoff from flow- through cells receiving the phytase-amended diet
litter numerically reduced dissolved reactive P by as much as 10%. The mean P concentration in
conventional diet flow cells was1420 µg/g, while the mean dissolved reactive P concentrations in
flow cells containing phytase-amended diet litter was 1304 µg/g (Table 4.1 and Fig 4.1). There
were no significant differences in soluble reactive P concentrations in the runoff (p-value 0.39
base on fisher’s LSD at the 0.05 significance level).
Total P followed the same trend, no significant differences between the two-litter types
(p-value 0.288 base on fisher’s LSD at the 0.05 significance level), with the litter from the
conventional diet having a mean of 1673µg P/g and the litter from the phytase modified diet with
a mean of 1481µg P/g.
Soluble P and total P in both poultry litter derived from the phytase-amended and
conventional diets was both strongly correlated (Fig 4.3 &4.4). This is important because total P
influences the rate of release of soluble P to solution. The correlation was somewhat greater for
litter derived from the conventional diet.

30

Table 4.1 Average soluble reactive and total dissolved P levels in poultry litters
Treatments

Soluble Extractable P
Total P
(inorganic P)
____________________________µg/g ____________________________

Conventional

1420a*

1673b

Phytase-amended

1304a

1481b

*Numbers within column with same letter are not significantly different at α=0.05
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Table 4.2 Average soluble reactive P and total dissolved P loss measured in leachate from flow
cell.
Treatment
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended
Phytase-amended

Total Sol P (µg/g)
1360
734
1706
1167
1521
1828
1680
1768
1898
2256
1155
644
620
764
896
1081
1092
1147
1190
1432
827
1706
1541
1547
1569
1667
1346
1245
1418
1777
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Total P (µg/g)
1520
689
1507
1397
1770
1850
1987
1770
1881
2356
670
631
728
866
1787
1400
874
1487
1665
1887
1573
2020
1584
1770
1833
1823
2022
1569
1554
1879

Conventional

1500

SRP (ppm)

Phytase-amended
1000

500

0
Conventional

Phytase-amended
Diets

Figure 4.1 Runoff soluble reactive P (µg g-1) from litter derived from phytase-amended and
conventional diets.
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Figure 4.2 Total dissolved P (µg g-1) determined by ICP from litter derived from phytaseamended and conventional diets.
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Figure 4.3 Relationship between dissolved soluble reactive and total dissolved P runoff from
poultry litter derived from conventional diet.
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Figure 4.4 Relationship between dissolved soluble reactive and total dissolved P runoff from
poultry litter derived from phytase-amended diet.
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4.4.1 Modeling Dissolved Runoff P Loss from Simulation

Soluble reactive P concentration in leachate from the phytase-amended and
conventional litter types were greater in the first leachate collected. Corresponding
concentration for other leachate collected was more evenly distributed (Figs. 4.5-4.8).
The release of soluble reactive P was modeled using a mixing cell approach. The
linear isotherm obtained from the batch desorption study was used as a parameter in the
mixing cell model to determine if the batch isotherm data were appropriate for predicting
P release in the flow system. Likewise a flow cell isotherm (kfit, fitted using SAS
nonlinear programming) was used to describe the release of P within the flow cell
system.
Figures 4.5 and 4.6 show predictions based on the batch isotherm data and
indicate either an over- or under-estimation of the release of soluble reactive P from the
litter types. Apparently, the linear isotherms from the batch desorption study were not
appropriate for predicting the release of soluble reactive P. In contrast, Figs. 4.7 and 4.8
show predictions base on the kfit values. Although the loss of dissolved reactive P was
less than measured, the data were fairly accurately described.
Comparison of the k fit values to those obtained from the batch study, k batch, is given in
Table 4.3. The k fit values were larger than k batch values. However, k fit and k batch were smaller for
the litter derived from conventional than for the litter from the phytase-amended diet, suggesting
somewhat easier release of P from litter derived from the conventional diet.
Table 4.3. Average k-values for flow through cell and batch study
Treatment
Conventional
Phytase-amended

k-value from
Flow cell
29.32a
38.34a

k-value from
batch study
18.96b
22.29b

*Numbers within columns with same letter are not significantly
Different at α=0.05
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Figure 4.5 Measured and predicted soluble reactive P (µg ml-1) in runoff from poultry litter
derived from Conventional diet using batch isotherm data.
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Figure 4.6 Measured and predicted soluble reactive P (µg ml-1) in runoff from poultry litter
derived from phytase-amended diet using batch isotherm data.
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Figure 4.7 Measured and predicted soluble reactive P (µg ml-1) in runoff from poultry litter
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Figure 4.8 Measured and predicted soluble reactive P (µg ml-1) in runoff from poultry litter
derived from Phytase-amended diet using fitted k.
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CHAPTER 5

DETERMINING PHOSPHORUS RUNOFF LOSS FROM MICRO-PLOTS AMENDED
WITH POULTRY LITTER DERIVED FROM CONVENTIONAL AND PHYTASEAMENDED DIETS
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5.1 Introduction
Phosphorous in runoff is transported as soluble or sediment P. The transport of soluble
and sediment P into surface waters can accelerate euthrophication.
Edward and Daniel (1993) found that (80-90%) P in runoff from pastures receiving poultry litter
is dissolved inorganic P, which will be immediately available for biological uptake (Sonozogni et
al., 1982).
The application rate of P affects the amount of P runoff from agricultural grassland. As
the rate of P application increases, the level of P in runoff increases for both commercial fertilizer
and manure (Edward and Daniel, 1993) applications. By analogy with laboratory simulations
(Chapter 4), a reduction in total P loss with successive rainfall events following litter application
in the field would be expected. Truman et al. (1993) earlier showed that application rates and
rainfall timing influence P levels in runoff.
Rainfall intensity and duration are additional factors that affect P loss in runoff from
manure or chemical fertilizer applications. As rainfall intensity increases, lower concentrations of
soluble P are found in runoff because of increased runoff volume (Edwards and Daniel, 1993).
Higher concentrations are expected in runoff produced by lower rainfall intensities also in part
due to greater contact time between the runoff water and soil or manure surfaces.
Of course, fertilizers with high levels of extractable phosphorus, such as chemical
fertilizers have a greater potential for loss of soluble P (Gilbertson et al., 1979). And compared to
mineral fertilizers, nutrient (including P) concentrations in manure are lower (Gilbertson et al.,
1979). However, the addition of inorganic P to broiler diets as supplemental inorganic phosphate
results in high levels of P in litter manure and, ultimately, in elevated levels of P in runoff from
pastures fertilized with manure (Huff et al., 2001). But decreasing the amount of inorganic P fed
to these animals can reduce the P levels in manures. According to Huff et al. (2001) adding
phytase to feed to break down the phytate P present in the corn and soybean meal and feeding
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corn and soybeans that have lower amounts of phytate P and high amounts of animal available P
can reduce the levels of P in manure.
The addition of phytase to broiler diet holds great promise for reducing levels of P in
runoff from areas in which litter manure is applied as a source of fertilizer. Researchers at LSU
AgCenter have shown that phytase fortification of diets for poultry provides an adequate P level
(approximately 0.10% available P and 0.10 % Ca), and an approximately 20 - 25% reduction in P
in poultry litter (Johnston and Southern, 2000). But although phytase is known to reduce total and
soluble P in poultry litter, it has been shown to increase soluble P in runoff by 25 % (Smith et al.,
2001).
The objective of this field experiment was to evaluate the effect of reducing P levels in
runoff from pastures using poultry litter derived from phytase-modified diet (broiler diet with
phytase enzyme added) and conventional feed (broiler diet with standard supplemental P) under
field conditions.
5.2 Materials and Methods
This field study was conducted at the LSU AgCenter Calhoun Research Station in
Calhoun, Louisiana. Six runoff micro-plots (0.0342 m2) were installed in a Bermuda grass
pasture (cynodon dactylon) on Ruston series soil (fine-loamy, siliceous, thermic typic
Paleudult;(5 – 6% slope). The runoff plots were similar in basic design to those described in
Sauer et al. (2000), though smaller, consistent with available mass of phytase-amended and
conventional litters. There were three replicates of each poultry litter derived from phytasemodified and conventional diets. Baseline runoff P data (control) for all plots was collected (as
described below) prior to application of the litter treatments. Afterwards, treatments were
randomly assigned to each plot (three conventional and three phytase-modified).
The six plots were established on April 29, 2003. Based on visual inspection, the density
of vegetation varied only slightly from plot to plot. The micro-plots consisted of ~ 20 cm
diameter, 15 cm long sections of stainless steel pipe, beveled at one end and sunk into the soil
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surface ~ 7.5 cm. An ~ 2 cm diameter hole on the down slope side of the pipe section provided
drainage from which runoff was channeled through Tygon tubing into a sunken PVC reservoir.
Care was taken at installation to sink the plot border to a depth below the outlet so as to ensure
ready drainage of any ponded water the interior After the micro-plots were installed, a rainfall
simulation event was carried out with rain fall intensity of 7.0 cm / hr for 0.5 hour before any
litter was applied to the plot, thereby providing baseline P runoff data for all micro-plots. The
rainfall simulator was a TLALOC 3000 (Joern’s, Inc.) and distilled-deionized water was used.
Poultry litter was applied evenly by hand to plots at a rate of 9 Mg / ha. 16 h afterwards,
the plots were irrigated for 0.5 hrs at a rate of 7.0cm / hr. Runoff was collected as a composite
sample in the PVC reservoir. Runoff rate was monitored as a function of time and sub-samples of
runoff preserved for laboratory analysis of total dissolved and dissolved inorganic P as described
below. Simulated rainfalls were repeated twice to give data for three sequential runoff events per
plot. Differences due to litter source (phytase-amended or conventional diet) were determined
and results compared to those obtained in a preliminary study (Shelton et al., 2003) and elsewhere
in this project.
5.2.1 Soil Sampling and Analysis
Four surface soil samples (0 to 2 cm) were taken at random from the perimeter of all plots prior to
application of litter. These samples were dried at 600 C, crushed, sieved and analyzed for water
extractable and total P (ICP spectroscopy).
5.2.2. Analysis of Runoff Samples
Sub-samples of runoff were filtered (0.45 µm) and frozen pending analysis. The filtered samples
were analyzed for dissolved P using ascorbic acid reduction method (APHA, 1995) and total P
using ICP spectroscopy.
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5.3 Treatment of Data
Data obtained from the different experiments was analyzed using SAS statistical analysis
software (SAS Institute Inc. 1996). A linear model procedure (Proc Mixed) was used to analyze
the dependent variables. Throughout the analysis, a 5 % significance level (p =0.05) was
employed. The significance of each variable was tested using the type III test of fixed effects
(htype=3). Levels within each variable were compared using LSD’s pair-wise comparison of the
means.
5.4 Results and Discussion
P concentration in the first runoff event following litter application was significantly
greater than that of the control. Also, the difference in runoff P concentration between litter types
was significant. The litter derived from the phytase- modified diet gave significantly lower
concentrations of both dissolved reactive and total P in runoff than did the litter derived from the
conventional diet (p-value and LSD, 0.0056 and 0.0029, respectively, Table 5.1 and Figs. 5.1 and
5.2). But the second and third runoff events found concentrations of soluble reactive and total P
converging for both litter types with no significant differences between the litter types. This
pattern was consistent with data from the flow-through cells (Chapter 4) and batch desorption
study (Chapter 3), which respectively indicated initially reduced loss of P from the litter derived
from the phytase-amended diets but no difference in dissolved inorganic or total P with increasing
extraction.
Poultry litter runoff data from another study also indicated no significance difference in
dissolved reactive and total P in runoff from poultry litter derived from phytase-amended and
conventional diets (Huff et al., 2000). Although the data showed no long-term significance
difference due to diet, they indicated reductions in both dissolved reactive and total P
concentrations in the first runoff event (12 and 18 %, respectively). These results are not in
agreement with the finding by Smith et al. (2001), which showed that a phytase-amended diet
increased soluble runoff P by 25 %.
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Figure 5.1. Total dissolved P in runoff from poultry litter derived from phytase-amended and
conventional diets from pastures in North Louisiana.
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Figure 5.2. Soluble reactive P in runoff from poultry litter derived from phytase-amended and
conventional diets from pastures in North Louisiana.
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Table 5.1. Average soluble reactive and total dissolved P Concentrations in runoff from microplots amended with poultry litter from phytase-amended and conventional diets.
Time (days)

Diets

Soluble reactive
Total Dissolved
P (µg ml-1)
P (µg ml-1)
Baseline
3.1d*
5.0h
Day 1
Conventional
37.7a
45.1e
Phytase-amended
33.5b
37.5f
Day 7
Conventional
11.9c
15.45g
Phytase-amended
11.9c
17.77g
Day 14
Conventional
4.3d
6.77h
Phytase-amended
4.3d
7.15h
* Number within column with same letter are not significantly different at α=0.05.
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Table 5.2. Soluble reactive and total dissolved P measured from runoff plots amended with
poultry litter derived from phytase amended diet and conventional diet.
Avg.
Wt.
Time
Total dissolved P
Conc.
Diet types
Rainfall Leachate
(Days)
(µg ml-1)
(µg ml-1)
(cm)
(g)
0
Control
7.0
702.06
3.4
5.0
0
Control
7.0
523.99
3.9
5.0
0
Control
7.0
457.61
2.4
5.0
0
Control
7.0
656.83
1.2
5.0
0
Control
7.0
277.34
4.1
5.0
0
Control
7.0
515.63
3.9
5.0
Day 1
Conventional
7.0
936.8
37.5
47.9
Day 1
Conventional
7.0
625.82
37.6
44.1
Day 1
Conventional
7.0
599.44
38.0
43.4
Day 2
Conventional
7.0
806.86
13.3
17.5
Day 2
Conventional
7.0
375.87
11.6
14.5
Day 2
Conventional
7.0
469.22
10.8
14.4
Day 3
Conventional
7.0
2372.38
4.4
6.6
Day 3
Conventional
7.0
2434.86
3.5
6.3
Day 3
Conventional
7.0
2325
4.9
7.5
Day 1
Phytase-amended
7.0
862.96
31.7
35.3
Day 1
Phytase-amended
7.0
461.67
35.8
37.3
Day 1
Phytase-amended
7.0
605.46
33.1
39.9
Day 2
Phytase-amended
7.0
631.32
12.5
23.1
Day 2
Phytase-amended
7.0
299.93
10.6
13.7
Day 2
Phytase-amended
7.0
490.37
12.7
16.5
Day 3
Phytase-amended
7.0
2416.22
2.7
6.1
Day 3
Phytase-amended
7.0
2310.16
4.6
7.3
Day 3
Phytase-amended
7.0
2432.06
5.6
8.1
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CHAPTER 6

CONCLUSIONS
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Previous research found that poultry litter derived from phytase-amended diets reduces
soluble P by 8 % (G. R. Huff 2001) but increased P runoff by 25 % (Smith et al., 2000). Results
from this study showed no significant reduction in dissolved reactive or total P, either in the litter
itself or in runoff from the litter. However, the raw, numeric data showed that litter produced
under the phytase-amended diet contained 3 – 26 % less dissolved reactive P than that from the
conventional diet and initially lower P in runoff, both in the laboratory (8 %) and field (12 %)
simulations of runoff. Reducing runoff P is important for reducing environmental loading with
this eutrophying nutrient, however, the data from this study indicate that diet manipulation alone
may not be able to solve this environmental problem.
An understanding of P desorption from poultry litter will help determine the availability
and environmental fate of dissolved reactive and total P from poultry litter applied as a fertilizer.
Phosphorus desorption was determined using a batch type experiment and the relationship
between solution and sorbed P adequately described using the linear relationship, S = kC (despite
the sigmoidal shape of these curves for P desorbed from both litter derived from phytaseamended and conventional diets).
The data from the batch isotherms were used in a mixing cell model to predict P loss
from flow cells. Results indicated that even though the linear isotherm provided an adequate
description of the relationship between solution and sorbed P it did not adequately estimate the
release of available P in poultry litter, as it either over- or under-estimated the loss of P from the
litter under sequential extraction. The used of an isotherm model (such as the GLF) that follows
the sigmoidal, experimental isotherms may provide a better description of the flow cell data. If
so, this approach may offer a convenient laboratory protocol for estimating the release of
available P in poultry litter and also making prediction on the loss of P from litter under
sequential extraction, as with rainfall.
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When slopes of isotherms determined from the batch study and estimated from the
transport (flow-through cell) study were compared, the slopes of isotherms from the batch study
were generally smaller than those estimated from the flow cell data. This suggests that more P is
released by flooding the litter with water (batch) than occurs during leaching (as with rainfall).
However, at least half of the available P determined by the desorption study was lost during the
fairly short-term transport study.
Thus, although the batch desorption data showed the litter from the phytase-amended diet
contained numerically less available P than litter from the conventional dies, the difference was
not statistically significant. However, initial rate of P loss from litter derived from the phytaseamended diet was lower in both laboratory and field rainfall simulations, consistent with greater
isotherm slope (k value) for batch than for flow cell data. This suggests that although the litter
from the phytase-amended diet may not contain less dissolved reactive or total P, it tends to
release P initially more slowly than litter derived from the conventional diet. However, longerterm losses appear to be the same, regardless of litter types.
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APPENDIX MINTEQA2 OUTPUT
Type I - COMPONENTS AS SPECIES IN SOLUTION
ID
LOGK
330
30
150
280
410
460
470
500
580
732
950

NAME

CALC MOL

ACTIVITY LOG ACTVTY

GAMMA

NEW

*H+1
Al+3
*Ca+2
Fe+2
K+1
Mg+2
Mn+2
Na+1
PO4-3
SO4-2
Zn+2

5.757E-09
4.278E-15
1.753E-04
2.695E-05
2.216E-02
3.594E-04
6.679E-06
6.523E-03
1.377E-07
1.154E-03
1.619E-05

5.012E-09
1.229E-15
1.007E-04
1.548E-05
1.929E-02
2.065E-04
3.837E-06
5.679E-03
3.957E-08
6.630E-04
9.301E-06

0.87060
0.28732
0.57448
0.57448
0.87060
0.57448
0.57448
0.87060
0.28732
0.57448
0.57448

0.060
0.542
0.241
0.241
0.060
0.241
0.241
0.060
0.542
0.241
0.241

-8.30000
-14.91035
-3.99698
-4.81019
-1.71470
-3.68517
-5.41601
-2.24573
-7.40268
-3.17846
-5.03146

Type II - OTHER SPECIES IN SOLUTION OR ADSORBED
ID
LOGK
3305801
3305802
3300020
1503300
1507320
1505800
1505801
1505802
5007320
5005800
4107320
4105800
303300
303301
303302
307320
307321
3307320
3305800

NAME

CALC MOL ACTIVITY LOG ACTVTY

H2PO4 4.079E-05
H3PO4
2.485E-11
OH2.301E-06
CaOH +
5.821E-09
CaSO4 AQ 1.354E-05
CaHPO4 AQ 2.418E-05
CaPO4 1.317E-05
CaH2PO4 + 1.048E-07
NaSO4 2.168E-05
NaHPO4 - 5.595E-06
KSO4 1.032E-04
KHPO4 1.918E-05
AlOH +2
4.367E-12
Al(OH)2 +
4.460E-09
Al(OH)4 2.233E-05
AlSO4 +
9.803E-16
Al(SO4)2 - 5.163E-17
HSO4 3.705E-10
*HPO4 -2
7.657E-04

3.551E-05
2.496E-11
2.003E-06
5.067E-09
1.360E-05
2.429E-05
1.146E-05
9.127E-08
1.887E-05
4.871E-06
8.988E-05
1.670E-05
2.508E-12
3.883E-09
1.944E-05
8.535E-16
4.495E-17
3.226E-10
4.399E-04

-4.44968
-10.60268
-5.69824
-8.29521
-4.86643
-4.61466
-4.94066
-7.03966
-4.72419
-5.31241
-4.04635
-4.77738
-11.60059
-8.41083
-4.71130
-15.06881
-16.34727
-9.49139
-3.35668

GAMMA
0.87060
1.00450
0.87060
0.87060
1.00450
1.00450
0.87060
0.87060
0.87060
0.87060
0.87060
0.87060
0.57448
0.87060
0.87060
0.87060
0.87060
0.87060
0.57448

NEW
19.613
21.698
-13.938
-12.538
2.307
15.083
6.519
21.020
0.760
12.696
0.907
12.700
-4.749
-10.040
-22.940
3.080
4.980
2.047
12.587

* Components used in calculation of Saturation index for other forms of Calcium phosphate mineral, e.g.
Dicalcium phosphate.

55

______________________________ PART 5 of OUTPUT FILE _________________________
PC MINTEQA2 v3.10 DATE OF CALCULATIONS: 2-JUL-** TIME: 21:36:29
----------- EQUILIBRATED MASS DISTRIBUTION ----------IDX

NAME

DISSOLVED
SORBED
PRECIPITATED
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT

950
30
150
280
410
460
470
500
580
732
2
330

Zn+2
Al+3
Ca+2
Fe+2
K+1
Mg+2
Mn+2
Na+1
PO4-3
SO4-2
H2O
H+1

2.463E-05
2.330E-05
2.263E-04
5.744E-05
2.228E-02
4.880E-04
7.163E-06
6.550E-03
1.001E-03
1.321E-03
1.074E-04
8.851E-04

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01
0.000E-01

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Charge Balance: SPECIATED
Sum of CATIONS = 2.985E-02 Sum of ANIONS 4.105E-03
PERCENT DIFFERENCE = 7.582E+01 (ANIONS - CATIONS)/(ANIONS + CATIONS)
EQUILIBRIUM IONIC STRENGTH (m) = 1.948E-02
EQUILIBRIUM pH
DATE ID NUMBER:
TIME ID NUMBER:

= 8.300
******
21362982
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________________________________________________________________________________
______________________________ PART 6 of OUTPUT FILE ___________________________
PC MINTEQA2 v3.10 DATE OF CALCULATIONS: 2-JUL-** TIME: 21:36:29
Saturation indices and stoichiometry of all minerals
ID #
NAME
2003000 ALOH3(A)
6003000 ALOHSO4
732[ 1.000] 2
6003001 AL4(OH)10SO4
732[ 10.000] 2
6041000 ALUM K
[ 12.000] 2
6041001 ALUNITE
[ 6.000]
6015000 ANHYDRITE
2003001 BOEHMITE
2046000 BRUCITE
2003002 DIASPORE
6046000 EPSOMITE
7015003 *HYDRAPATITE
[ -1.000]
2003003 GIBBSITE (C)
3003000 Al2O3
6015001 GYPSUM
6028000 MELANTERITE
6050001 MIRABILITE
2
6050002 THENARDITE
7028001 VIVIANITE
2047003 PYROCROITE
6047000 MNSO4
7047000 MN3(PO4)2
2095000 ZN(OH)2 (A)
6095006 GOSLARITE
7047001 MNHPO4(C)
330
2015000 LIME
2015001 PORTLANDITE
2028000 WUSTITE
2046001 PERICLASE
3028001 HERCYNITE
30[ 4.000] 2
3046000 SPINEL
30[ 4.000] 2

Sat. Index
-0.391
-6.559

Stoichiometry in [brackets]
1.000] 30 [ 3.000] 2 [ -3.000] 330
[ -1.000] 330 [ 1.000] 30 [ 1.000]

-2.522

[-10.000] 330 [ 4.000] 30 [ 1.000]

-17.815

[ 1.000] 410 [ 1.000] 30 [ 2.000] 732

-1.658

1.219
-3.001
-2.328
-5.520
-6.558

[ 1.000] 410 [ 3.000] 30 [ 2.000] 732
2 [ -6.000]330
[ 1.000] 150 [ 1.000] 732
[ -3.000] 330 [ 1.000] 30 [ 2.000] 2
[ 1.000] 460 [ 2.000] 2 [ -2.000] 330
[ -3.000] 330 [ 1.000] 30 [ 2.000] 2
[ 1.000] 460 [ 1.000] 732 [ 7.000] 2
[ 5.000] 150 [ 3.000] 580 [ 1.000] 2
330
[ -3.000] 330 [ 1.000] 30 [ 3.000] 2
[ 2.000] 30 [ 3.000] 2 [ -6.000] 330
[ 1.000] 150 [ 1.000] 732 [ 2.000] 2
[ 1.000] 280 [ 1.000] 732 [ 7.000] 2
[ 2.000] 500 [ 1.000] 732 [ 10.000]

-7.491
6.762
-3.904
-11.263
-7.226
-0.882
-6.252
4.281

[ 2.000] 500
[ 3.000] 280
[ -2.000] 330
[ 1.000] 470
[ 3.000] 470
[ -2.000] 330
[ 1.000] 950
[ 1.000] 470

[
[
[
[
[
[
[
[

1.000] 732
2.000] 580
1.000] 470
1.000] 732
2.000] 580
1.000] 950
1.000] 732
1.000] 580

[ 2.000] 2
[ 7.000] 2
[ 1.000]

-20.194
-10.072
0.358
-8.595
4.606

[ -2.000] 330
[ -2.000] 330
[ -2.000] 330
[ -2.000] 330
[ -8.000] 330

[
[
[
[
[

1.000] 150
1.000] 150
0.947] 280
1.000] 460
1.000] 280

[
[
[
[
[

-3.440

[ -8.000] 330 [ 1.000] 460 [ 2.000]

-2.538
1.411
-3.878
3.116
-4.725
10.306

[ 8.000] 2
[ 2.000] 2

1.000]
2.000]
1.000]
1.000]
2.000]

* Phosphate mineral with the highest saturation index, suggesting a super saturation of this mineral
within the litter sample.
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